Abstract. Transportation has already become a huge necessity in people's life today. As the world progresses, transportation systems will have to undergo paradigm shifts to adapt with the changing requirements. Personal transportation is typically preferred to the public transportation and to date, most domestic travels have been made on the ground through roads. However, with the increasing traffic volume, the average time spent travelling on roads has significantly increased for the same amount of distance travelled. It has been proposed that utilization of the possible third dimension of transportation system, which is the air transportation, can aid personal transportation and alleviate this problem. This notion gives birth to the design concepts of the personal air vehicle (PAVE) that is envisioned to operate synergistically with the existing ground and air infrastructures. This paper aims to preliminarily study and analyze the potential benefits of having PAVE option in Malaysia for domestic travel and how its performance fares in comparison to existing transportation options. The results of travel time and cost comparisons highlight the potential of PAVE application for the domestic transportation in Malaysia, particularly for personal travel need.
Introduction
Personal transportation has become a necessity in today's life. In addition to personal trips from one place to another, transportation also enables greater socioeconomic opportunities. An effective transportation is essential for growing global and local businesses and networking, especially those involving door-to-door and/or face-to-face service. As time progresses, transportation system also needs to be improved to adapt with the changing travel demands and requirements. It is anticipated that future personal travels will emphasize more on having doorstep-to-destination journeys at any time, in any weather and in little travel time as possible [1] . In general, the ability of an individual to travel can be taken to be mainly constrained by two factors: time and money. These factors play a big role in determining the preferred mode of transportation through their trade-offs. As suggested by Hahn, the demand for travel is often constrained by the time budget while the choice of travel mode is regularly dictated by the traveler's financial budget [2] .
In Malaysia, the number of vehicles on the road at the end of 2005 is estimated to be around 15 million and 90% of them are privately-owned [3] . This number is projected to rise and as many as 48 million of total vehicles have been expected to be on the roads by year 2020 [4] . As a result, the problem of traffic congestion becomes more severe and this leads to wasted travelling time and costs, increased fuel consumption, air and noise pollution, and also elevated accident and fatality rates [3] . While several efforts have been made to remedy the situation; particularly by improving existing ground transportation infrastructure, the problem still persists. In fact, such infrastructure investment is hard to be sustained with continuing reduction of the economic growth through the loss of time and opportunities due to the congested transportation system. Additionally, due to a notably high level of private car ownership and use, improvement on public transportation system seems to have rather negligible effects on alleviating the traffic congestion problems. As stated in Kuala Lumpur Structure Plan 2020, public transports only cater for about 20% of the total people movements within Kuala Lumpur while the other 80% are made using private transport [6] .
Facing with this situation, it is believed that the solution for traffic congestion, especially for domestic personal travel needs, requires a paradigm shift in the transportation system. As people prefer to spend less time getting to their destination, the challenges for future transportation system include reduction in travel cost, average travel time and travel-time irregularities on the road like unexpected traffic jams. Whenever people are stuck in heavy traffic, they think of using the "third dimension" of transportation space which is the empty airspace above them. This notion ultimately gives birth to the concept of personal air vehicle (PAVE) that combines the elements of both ground and air transportation. To date, several design concepts for PAVE have already been researched in United States and European countries. For instance, a four-year myCopter project (from 2011 to 2014) has been funded by the European Union to study the feasibility of having personal flying vehicles with the concept of city-wide skyways [7] . Operational synergies of PAVE with ground and air infrastructure are essential to improve the individual mobility within the expanded personal transportation environment [8] , satisfying the needs for more flexible doorstep-to-doorstep travel. The understanding on how future PAVE interacts with existing transportation systems-of-system is important for its successful implementation. In Malaysia thus far, no proper study is found on the application of PAVE within the transportation system that can possibly change the way personal travelling is done. In this respect, this paper aims to highlight the potential of PAVE application in Malaysia in terms of domestic travel time and cost.
PAVE Concept
With the increasing rate of traffic congestion on the roads today, the PAVE concept is introduced to alleviate this situation and offer alternative means of personal travel to automobiles. In general, PAVE can be a single-mode or a dual-mode concept design. Single-mode means that the PAVE will require another alternate ground vehicle to commute the users to the operating facilities whereas the dual-mode refers to a PAVE that can be operated as both a ground vehicle as well as an air vehicle. Among existing dual-mode PAVE designs include Transition by Terrafugia [12] , Pal-V One by Pal-V Europe NV [11] and Switchblade by Samson [8] . However, it can be observed that these 'flying car' or 'plane car' have been designed and certified as either sport utility or experimental vehicle. This indicates the current limitations for their mass application as a means for personal travel. For instance, Switchblade PAVE is categorized under experimental or homebuilt aircraft that requires the user to build 51% of the vehicle themselves. On top of that, the user is also required to obtain private pilot license in order to fly it and automobile or motorcycle license to operate it on ground. Looking to the near future, PAVE that is designed to address the problem of traffic congestion on roads is expected to be more user-friendly and commercially mass-produced. As outlined by the National Aeronautics and Space Administration (NASA), PAVE in future is envisaged as a familysized and affordable vehicle that greatly enhances the mobility of people and reduce the doorstepto-destination time. Several target criteria for future PAVE by NASA are listed as follow [9] :
• Seat 2 to 6 passengers • Have a 150-200 mph (240-320 km/h) cruising speed • Be quiet, comfortable, reliable • Be capable of being flown by anyone with a driver's license • Be as affordable as travel by car or airliner • Possess near all-weather capability enabled by synthetic vision systems • Be highly fuel efficient (able to use alternative fuels)
• Have a 1300 km range • Provide "door to door" travel capabilities, via vehicle roadability or small residential airfields or vertipods with only a short walk to the final destination A design concept of a dual-mode PAVE is being developed and studied for domestic travel in Malaysia. As shown in Fig. 1 , the PAVE is envisioned to be just like a normal car but with attached wing and canard sections that can be folded when it is used on the ground. The overall design is still under works and its development is tailored to the operational requirements for Malaysia's domestic travel needs such as the available airports and ground road facilities. 
PAVE for Domestic Travel in Malaysia
To study and highlight potential benefits of PAVE use for domestic travel within the Malaysian market, several existing transportation means are compared with the expected PAVE capabilities in terms of travel cost and time taken. For this case study, the travel route chosen is from Universiti Putra Malaysia (UPM) in Serdang, Selangor to Pekan Rabu in Alor Setar, Kedah, which is common domestic trip for most UPM students from north of peninsular Malaysia. Travel cost is presented in US dollars ($), at which the conversion rate of $1 = RM 3.28 is used.
Cost of Travel.
The first mode of travel that can be chosen is by using the local low-cost airline, Air Asia. From UPM campus, the ground trip to Low Cost Carriers Terminal (LCCT) can be made by public transportation such as buses, trains and taxis. In this case, as the emphasis is on personal travel where privacy during travel is very much preferred, it is presumed that a taxi service is used. The taxi service charging rate is estimated from online website: www.taxiautofare.com while the estimated travel distance is obtained using Google Map. Once arrived at the Sultan Abdul Halim Airport in Alor Setar, another trip using a taxi service is presumed from the airport to Pekan Rabu. It is noted that while Air Asia carrier sometimes provides a promotional rate for its flights, the price of the flight ticket considered for this comparison is the full charging price.
The second travel option to make the same trip from UPM to Pekan Rabu, Alor Setar is by using the interstate bus service. In this case, the bus ticket price is estimated from charging rate of several available bus companies for comfortable coach or business seating. Similar to the first travel option, a trip from UPM Campus to the central bus station (i.e. the Puduraya Bus Terminal) has to be made first. Assuming that this trip will be made using a taxi service, the cost for the initial travel segment can be estimated accordingly. Similarly, upon arrival at the bus terminal in Alor Setar, the trip from there to Pekan Rabu will be made using a taxi service as well. Another public ground transportation service that could be utilized to get from UPM Campus to Pekan Rabu, Kedah is the interstate train service. To use this mode of transportation, the traveler must make the trip from UPM Campus to the train hub, KL Sentral first. It is assumed that this trip is made using taxi service. Once arrived at the Train Terminal Alor Setar, another trip using the taxi service is presumed to Pekan Rabu. It should be noted that the price of the train ticket considered for this comparison is full price for a second class seating.
Last but not least, the available option to get from UPM to Pekan Rabu for this comparison study is to drive a car through available highway facility. In Malaysia, the PLUS Highway road directly connects major cities in the peninsula. It will be assumed that the traveler owns a car and therefore, no car rental fee is involved. As suggested by Ong et al., the average fuel economy ratio of road transport in Malaysia is about 9.67 km/liter in 2008 [10] . On the other hand, the current fuel price in Malaysia for RON95 petrol is $0.64 per liter.
To compare with potential PAVE, the current capability of Terrafugia's Transition is used. Its technical specifications are tabulated in Table 1 . The main reason why this design is chosen as the reference benchmark for PAVE in this study is due to the availability of its estimated performance data in public domain. Furthermore, its design closely resembles the PAVE concept that is being developed for this application in this study. This information is necessary to project the estimated
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travel costs and time taken for the case study at hand. Hence the comparison can be made in the case if the Transition is hypothetically to be used to get from UPM Campus to Pekan Rabu. The nearest airport where the PAVE can be expected to execute its takeoff is at Sungai Besi that is located about 21 km away. Furthermore, the distance of flight travel from the airport in Sungai Besi to the Sultan Abdul Halim Airport in Alor Setar can be estimated as 442 km using Google Map. Finally, upon arrival at the Sultan Abdul Halim Airport, the road distance to go to Pekan Rabu is about 12 km. The cost incurred by use of the PAVE is estimated based on its fuel consumption rate, on road and in flight, respectively, as shown in Table 1 . Overall, the travel cost comparison data is tabulated in Table 2 . Travel Time Taken. Another main parameter in selecting the mode of travel is the amount of time taken to arrive at the desired destination. Travel time for the different considered modes of public transportation such as bus, aircraft and train can be estimated from the information given by their service providers. On the other hand, the time taken for taxi service and the car's road trip through PLUS Highway can be estimated using Google Map. Furthermore, there will be a waiting time period spent at the airport, bus and train stations. It is estimated that the average waiting time to board any of the public transports is roughly around one hour. In case of flying, another 30 minutes is estimated for luggage handling and retrieval upon arrival. For Transition PAVE, taking into account its maximum flight speed, it will roughly take about 2.4 hours to fly from Sungai Besi Airport to Sultan Abdul Halim Airport. Its performance on the road, regardless of its maximum speed, is taken to be equal to the average normal car due to traffic congestion consideration. All in all, the estimated travel time taken from UPM Campus to Pekan Rabu, Alor Setar by these different options of transportation is summarized in Table 3 . Discussions. From the comparison, the use of PAVE can have some advantages. For personal travel that provides a sense of privacy and shorter travel time duration, the cost of using PAVE for the sample case study is lower than taking a low-cost flight. Note that airport charges are not included for this study but the additional costs should not be too much as many of the expected airports that PAVE will typically operate to-and-from are small airports that are normally used for military or recreational purposes involving general aviation aircraft. Hence, they are not as busy as big airports (i.e. almost no significant waiting time is expected to take-off if proper planning is formally made to the airport management). Unlike commercial aircraft that have to operate from big and busy airports due to their takeoff and landing requirements, PAVE is anticipated to behave more like the general aviation aircraft that requires shorter takeoff and landing distances. The ability to fly to-and-from small airports will increase the flexibility of the PAVE application since its flying network is much broadened and some of these small airports can be much closer to the end destination than the big ones. With the improvements in technology for future PAVE designs, the performance especially in terms of rate of fuel consumption is expected to be enhanced, hence reducing travel cost even more. Trying to derive a suitable index that indicate the preference of local travelers based on the time taken and cost of the trip is hard. Air transportation clearly has big advantage in terms of duration of time taken for the trip in comparison with other transportation alternatives like buses and trains. The fact that people still travel with latter options indicates that time and cost parameters have different levels of weightage in the decision-making. Romli and Dasuki suggested a crude time-and-cost metric to compare domestic travel options in Malaysia [13] . By this metric, it is estimated that for each hour less on the road, people are willing to pay an extra cost of about $1.31 on average. Using this metric, it is projected that the savings of time from the dual-mode of ground and flight transport of PAVE can be converted to about $13.72 that people are expected to be willing to pay more in comparison to the cost of train service (the cheapest mode of transportation). In Table 2 , the cost of using Transition PAVE is estimated to be below that amount.
Conclusion
The increasing problems of traffic congestion for ground transportation call for a shift in paradigm. A dual-mode PAVE that combines the capability of a road vehicle and a general aviation aircraft is
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AEROTECH V: Progressive Aerospace Research believed to be a potential answer to resolve this issue. As highlighted by the sample case study, the PAVE application has some benefits and can provide economic and social advantages by reducing wasted time and cost in ground traffic congestion. Despite the simplicity of this comparison study, it nonetheless shows potential for PAVE in domestic transportation within Malaysia, particularly for personal travel needs. A more detailed study will be done in future by considering the existing ground infrastructures in Malaysia to support the PAVE application.
